INTRODUCTION
============

Intracranial aneurysm (IA) is a localized dilation or ballooning of cerebral arteries and affects 2% to 5% of the general population.^[@R1]^ Although IA is usually asymptomatic, its rupture can cause spontaneous subarachnoid hemorrhage (SAH) and substantial morbidity and mortality. Previous reports have shown that IA accounts for 85% of SAH, which contributes for ∼5% to 15% of stroke cases.^[@R2]^

Intracranial aneurysm is a complex disease with some known risk factors, including female gender, increasing age, hypertension, cigarette smoking, and alcohol abuse.^[@R3]--[@R5]^ Beside these environmental risk factors, genetic risk factors may contribute to the pathogenesis of IA.^[@R6]^ Familial clustering of IA is reported with a 7-fold increased risk of IA rupture in first-degree relatives compared to second-degree relatives.^[@R7]--[@R11]^ Moreover, the occurrence of IA in monozygotic twins is higher than that in general population and dizygotic twins.^[@R12],[@R13]^ Our previous work showed that pri-miR-34b/c rs4938723 and *NFKB1*-94 insertion/deletion ATTG polymorphisms were susceptibility genes for the development of IA.^[@R14],[@R15]^

miRNAs are noncoding molecules with a length of ∼22 nucleotides, which function as pre- and post-transcriptional regulators of gene expression.^[@R16],[@R17]^ In both human and animal models of IA, miRNAs are differentially expression, including let-7,^[@R18]--[@R21]^ indicating that let-7 may play an important role in the progression of IA. Let-7 family has several members, including let-7a-1, let-7d, let-7f-1, let-7i, and others. In human genome, let-7a-1/let-7f-1/let-7d forms a cluster which maps in chromosome 9, and let-7i locates in chromosome 12. Recently, Xie et al discovered 2 potentially functional polymorphisms (ie, rs10877887 and rs13293512) in the promoter regions of let-7 family, which might affect binding affinity of a predicted transcription factor.^[@R22]^ More recently, these single nucleotide polymorphisms (SNPs) were reported to be associated with the risk of major depressive disorder,^[@R23]^ lung cancer,^[@R24]^ and survival of hepatocellular carcinoma.^[@R22]^ To date, little is known about the polymorphisms with IA risk.

Based on this background, we hypothesized that genetic variants in the promoters of let-7 family might be susceptibility genes for the development of IA. To test this hypothesis, we conducted a case-control study to evaluate the association of the rs10877887 and rs13293512 polymorphisms with IA risk in a Chinese Han population. We also detected the expression of let-7 family in plasma of IA patients and controls. We found that the rs13293512CC/CT is a risk factor for the development of IA, possibly because of the genotypes resulting in a lower level of let-7a.

MATERIALS AND METHODS
=====================

Study Population
----------------

The study protocol was approved by the Institutional Review Board of West China Hospital of Sichuan University. Patients were recruited consecutively from the department of neurosurgery of the hospital between January 2008 and April 2014. The diagnosis of IA was confirmed by digital subtraction angiography. During the same period, healthy volunteers after physical examination were identified as controls. The controls were unrelated Chinese Han population who live in Sichuan province or surrounding area. We excluded individuals with nervous system diseases or other diseases being risk factors for IA, including hypertension, head trauma, and intracranial atherosclerosis. The control subjects were frequency-matched to the cases by age (±5 years) and gender.

After an informed consent form was signed, demographic data and clinical information were collected. Each subject donated 5 mL of ethylenediaminetetraacetic acid (EDTA)-blood, which was centrifuged at 1600 g for 10 min at 4°C. Plasma was isolated and further centrifuged at 16,000 g for 10 min at 4°C. Blood cells and plasma were stored at −80°C until analysis.

Genotyping
----------

Genomic DNA was isolated from leukocytes using a commercial kit (Bioteke, Beijing, China). The rs10877887 polymorphism was genotyped using a polymerase chain reaction--restriction fragment length polymorphism assay, and the rs13293512 polymorphism was genotyped using a TaqMan SNP genotyping method. Detailed information was presented as previously described.^[@R23]^ To improve the accuracy of the genotyping methods, positive control (heterozygote genotype) and negative control (double distilled water) were used in each experiment. All the results were verified by DNA sequencing.

Quantitative Measurement of Expression of Let-7 Family
------------------------------------------------------

Total RNA was extracted from plasma of 56 IA patients and 56 controls using a QIAamp circulating nucleic acid kit (Qiagen, Hilden, Germany) according to the manufacturer\'s protocol. RNA quality and concentration were determined using Nucleic Acid/Protein Analyzer (DU730, Beckman Coulter, Inc). After reverse transcription of cDNA, real-time PCR was done in Mastercycler ep realplex (Eppendorf, Hamburg, Germany) using a QuantiFast SYBR Green PCR Kit (Qiagen, Hilden, Germany). All primers were synthesized by Ribobio Corp. (Guangzhou, China). U6 was used to normalize the let-7 level in both cases and controls. Each sample was analyzed in triplicate. The relative expression of let-7 family was described using the 2^--ΔCt^ method.^[@R25]^

Statistical Analyses
--------------------

The frequencies of the rs10877887 and rs13293512 polymorphisms were calculated by the gene-counting method, and the χ^2^ test was used to identify the departure from Hardy--Weinberg equilibrium. The association of the rs10877887 and rs13293512 polymorphisms with IA risk was estimated using the χ^2^ test. Logistic regression was performed to compute adjusted and crude odds ratios (OR) and 95% confidence intervals (CI), with and without adjustment for the age and the gender. Relative expression of let-7 family and their association with the polymorphisms were compared using the Mann--Whitney *U* test. Statistical analysis was carried out using the SPSS software, version 11.5 (SPSS Inc, Chicago, IL), and a 2-tailed *P* value of 0.05 was the criteria for significance.

RESULTS
=======

Characteristics of the Study Population
---------------------------------------

A total of 706 subjects were included in this study, including 305 cases and 401 controls. The mean age of the cases was 52.4 ± 12.5 years and the mean age of the controls was 50.2 ± 10.1 years. The gender in the cases was frequency matched to the controls (*P* = 0.43). Most of the cases had single intracranial aneurysm and ruptured aneurysm, with frequencies of 86.6 and 85.9%, respectively (Table [1](#T1){ref-type="table"}).

###### 

Demographics of Controls and Patients With Intracranial Aneurysm
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Association of the rs10877887 and rs13293512 Polymorphisms and IA Risk
----------------------------------------------------------------------

The distributions of the rs10877887 and rs13293512 polymorphisms in the study population are shown in Table [2](#T2){ref-type="table"}. The frequencies of 2 SNPs were in Hardy--Weinberg equilibrium in controls (*P* = 0.53 and 0.23). The rs13293512CT genotype was observed in 58.0% of cases and 52.1% of controls, whereas the rs13293512TT genotype was observed in 23.3% of cases and 30.4% of controls. Compared with the rs13293512TT genotype, the rs13293512CT genotype was associated with a significantly increased risk of developing IA in a heterozygote comparison (adjusted OR = 1.43, 95% CI, 1.00--2.05, *P *= 0.048) and dominant comparison (adjusted OR = 1.44, 95% CI, 1.02--2.03, *P* = 0.04). However, the genotype frequencies of the rs10877887 were not statistically different between cases and controls.

###### 

Association of the rs10877887 and rs13293512 Polymorphisms and IA Risk
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Combined analysis was also performed to evaluate the effect of the rs10877887- rs13293512 on IA risk. As shown in Table [3](#T3){ref-type="table"}, the combined genotypes of rs10877887TT and rs13293512CC/CT were found in 40.0% of cases and 34.4% of controls, whereas the combined genotypes of rs10877887CC/CT and rs13293512TT were found in 11.8% of cases and 17.0% of controls. The rs10877887TT and rs13293512CC/CT genotypes, compared with the rs10877887CC/CT and rs13293512TT genotypes, had a significantly increased risk of IA (OR = 1.67, 95% CI, 1.04--2.68, *P *= 0.03).

###### 

The Combined Effects of the rs10877887 and rs13293512 on IA Risk
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Association of the 2 Polymorphisms and Relative Expression of Let-7 family
--------------------------------------------------------------------------

Relative expressions of let-7a, let-7d, let-7f, and let-7i were detected in plasma of controls and IA patients using real-time PCR. As shown in Figure [1](#F1){ref-type="fig"}, the levels of let-7a, let-7d, and let-7f were downregulated in IA patients compared with the controls (*P *= 0.01, 0.03, and 0.04, respectively). However, there was no significant difference of let-7i between cases and controls (*P *\> 0.05). To examine whether the rs10877887 and rs13293512 polymorphisms influence the expression of let-7, we analyzed the expression of let-7 in 56 IA patients. We found that patients with the rs13293512CC/CT genotypes had a lower level of let-7a than those with rs13293512TT genotype (*P *= 0.03) (Figure [2](#F2){ref-type="fig"}).

![Relative expression of let-7 family in controls and IA patients. Using U6 as an internal control, let-7a (A), let-7d (B), and let-7f (C) were downregulated in IA patients. No significant differentiation of let-7i between controls and IA group (D). Data are presented as mean ± SEM. IA = intracranial aneurysm, SEM = standard error of the mean.](medi-94-e2267-g004){#F1}

![The expression of let-7a is associated with rs13293512 genotypes. Compared with the let-7a level in IA patient with rs13293512TT genotype, it was lower in patients with rs13293512CC/CT genotypes. Data are presented as mean ± SEM. IA = intracranial aneurysm, SEM = standard error of the mean.](medi-94-e2267-g005){#F2}

DISCUSSION
==========

To identify whether the rs10877887 and rs13293512 polymorphisms in the promoters of let-7 were associated with IA in Chinese population, we performed a case-control study with a total of 305 IA cases and 401 controls. We demonstrated that the rs13293512CT and CT/CC genotypes had a 1.43- and 1.44-fold increased risk of IA, respectively. The combined genotypes of rs10877887TT and rs13293512CC/CT had a 1.67-fold increased risk of IA. Moreover, we found that the expression of let-7a, let-7d, and let-7f was downregulated in plasma of IA patients and the rs13293512CC/CT genotypes correspond to a lower level of let-7a. The evidence of the findings supported the idea that the rs10877887 and rs13293512 polymorphisms may be related to the etiology of IA. Although the sample size is relatively small, our study has \>80% power under a dominant model, suggesting that the results were statistically reliable.

It is well known that hypertension, structural proteins, angiogenesis factors, and atherosclerosis are important factors in initiating the development of IA.^[@R26]--[@R28]^ Li et al reported that let-7e expression in plasma samples of hypertensive patients was upregulated compared to control subjects. Similarly increasing expression of let-7 was also observed in endothelial cells. Interestingly, the expression of let-7 in endothelial progenitor cells was opposite to that in patients' plasma samples, suggesting that plasma let-7e may originate partially from endothelial progenitor cells rather than endothelial cells.^[@R29]^ Kuehbacher et al reported that knockdown of Drosha and Dicer induced a downregulation of let-7a, let-7b, let-7c, let-7f, and let-7 g, and the reduction of let-7f impairs the sprout formation, indicating that let-7f promotes angiogenesis.^[@R30]^ Hulsmans et al reported that miRNA-containing microvesicles can regulate inflammation in association with atherosclerotic disease. These miRNAs include let-7 family.^[@R31]^ Moreover, let-7 family was found to be upregulated in atherosclerotic abdominal aortic aneurysm^[@R32]^ and downregulated in IA.^[@R19]^ In this study, we found an association of the rs13293512 polymorphism in the promoter region of let-7 with IA. Taken together, these findings indicate that let-7 family may have a pathogenic role in the development of IA.

Regarding the mechanism of the rs13293512 polymorphism in the onset of IA, we hypothesized that the polymorphism may regulate the expression of let-7 because it locates in the promoter region of let-7 family. We thus measured the expression of let-7a, let-7d, let-7f, and let-7i in plasma of IA patients. We found that let-7a expression level is significantly lower in the rs13293512CC/CT genotypes than in the rs13293512TT genotype. These findings indicate that rs13293512CC/CT genotypes may cause a lower expression of let-7a, and finally increase the susceptibility to IA.

Although this study provides evidence of the rs13293512CC/CT genotypes with IA risk, some limitations cannot be ruled out. In the study design, we do not take environmental factors into consideration, and thus gene--environment interaction analysis cannot be evaluated. Follow-up data was not available in this study. We cannot assess whether the 2 polymorphisms are related to prognosis and survival of IA.

We conclude for the first time that the rs13293512CC/CT were risk genotypes for IA pathogenesis in the Chinese population. Further studies with larger sample sizes are needed to confirm these findings. Additionally, gene--environment interaction analysis is helpful to understand phenotypic variation in the pathogenesis of IA. Once accomplished, it is of potential value in the etiology and treatment of IA.

Abbreviations: CI = confidence interval, EDTA = ethylenediaminetetraacetic acid, IA = intracranial aneurysm, OR = odds ratio, PCR = polymerase chain reaction, SAH = subarachnoid hemorrhage, SNP = single nucleotide polymorphism.
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